Abstract---
INTRODUCTION
N modern power system, especially in developing countries, voltage stability is a major concern. System operate at points which are steadily approaching the maximum operating limits leading towards voltage instability. Voltage instability can cause blackouts which is a major concern for power system. Voltage instability is characterized by the variation in voltage magnitude which gradually decreases to a dangerously low value accompanied by simultaneous decrease in the power transfer to the load end from the source. Hence it is important to have a reliable power system, which will maintain the voltages within the permissible limits to ensure high quality of service. To maintain voltage stability, it is desirable to estimate the effect of any unforeseen events and identify nodes which are most sensitive. This paper targets study to a radial distribution network.
Chi-Wen Liu [1] presents a neurofuzzy network proposed for voltage security monitoring using synchronized phasor measurement. Alessandro [2] presents a work on knowledge based system for supervision and control of regional voltage profile and security. Manjaree Pandit et al. [3] present fast voltage contingency selection using fuzzy parallel selforganizing hierarchical Neural Network. M. Aruna [4] presents a new reconfiguration algorithm that enhances voltage stability and improves the voltage profile. Work on reconfiguration of the networks has already been reported which defines that the voltage stability can be maximized for a particular set of loads in the distributed systems [5] - [7] .
A method for detecting voltage collapse in radial distribution systems is presented where two indicators for evaluating voltage stability of radial distribution systems are derived [8] . Aravindhababu [9] presents an algorithm for optimal locations of capacitors with a view to enhance voltage stability. R. Ranjan [10] proposes a voltage stability analysis of radial distribution networks, where a new voltage stability index is proposed for identifying the nodes that are on the verge of voltage collapse, but does not use a fuzzy approach for the analysis. Shobha [11] presents the fuzzy approach for ranking the contingencies using composite index for transmission network.
The literature survey showed that the work done are mainly focused on enhancement techniques of voltage stability and limited work has been reported on the reliability analysis, describing the status of each node for a distribution system. This paper presents the application of Fuzzy Logic for determining the "Percentage Reliability" (PR) and "Nodal Ranking" (NR), considering PR as a function of voltage, and stability index. The variation in nodal reliability ranking due to the impact of load changes is studied and an acceptable percentage reliability cut-off level is also proposed.
The paper is organized as follows. In section II, the methodology used for nodal reliability ranking is discussed. The bus voltage and the stability index are expressed in fuzzy notation and further processed through fuzzy reasoning rules using fuzzy logic. Section III, IV, V, VI elaborate the nodal voltages, voltage stability index (SI) and "Percentage Reliability" (PR) computations with results. Section VII concludes the paper.
II. METHODOLOGY OF NODAL RELIABILITY RANKING
In recent years, fuzzy system applications have received increasing attentions in various areas of power systems. Fuzzy set based reasoning approach has been developed for nodal reliability ranking, which is a process of indexing each node and rank them according to their severity. The bus voltage and the stability index are expressed in fuzzy notation and further processed using fuzzy reasoning rules.
Nodal reliability ranking is basically done using following steps; 
III. DEFINE FUZZY MODELED LOAD FLOW ALGORITHM
For nodal voltage calculation, this paper uses load flow algorithm, as described in [12] and further modified to suite the fuzzy model. The proposed load flow is based on basic systems analysis method and circuit theory and requires only the recursive algebraic equations to get the voltage magnitudes, currents & power losses at RDN nodes. This load flow methodology also evaluates the total real and reactive power fed through any node. Below paragraph describes load flow methodology formulas and algorithm used.
A simple circuit model of the system is shown in Figure 1 . The algorithm uses Carson & Lewis matrix method, which takes into account the self and mutual coupling effects of the unbalanced three phase line section.
Using concept of simple circuit theory, the relation between the bus voltages and the branch currents in Figure 1 can be expressed as: All the loads are assumed to draw a constant complex power. It is further assumed that all three phase loads are star connected and all double and single phase loads are connected between line and neutral. A node in a radial system is connected to several other nodes, however owing to the structure in a radial system; it is obvious that a node is connected to the substation through only one line that feeds the node. All the other lines connecting the node to the other nodes draw power from the node. The real and reactive power losses in the line between buses i and j are written as;
The algorithm computes the real & reactive power and uses the formula given in equation no. (3). Receiving end power at any phase, say phase a, of line between the nodes i and j is expressed as:
k= index of all nodes fed through the line between nodes i & j. mn = index of all line connected between node m and n feed through the line between node i and j.
For modeling and simulation purpose this paper uses an input data for a 19 bus distribution system shown in Figure 3 [13] . Load data for the feeders are given in Appendix 1. Figure  4 shows the flow chart for simulation.
IV. FUZZY MODELED LOAD FLOW ALGORITHM TO CALCULATE NODAL VOLTAGES
For evaluation purpose, the feeder parameters are assumed unchanged and uncertainties are assumed only to the connected load parameters. An uncertain load can be represented by a fuzzy number that is in fact a membership function over the real set. Fuzzy numbers may have variety of shapes but here trapezoidal membership function is chosen. This shape is chosen from the fact that there are several points whose membership degree is maximum (µ=1). Where, α 1 =20%, α 2 = 135%, β 1 = 95%, β 2 = 105% Similarly, fuzzy modeled load flow algorithm is used to calculate the nodal voltage trend and subsequently calculating the nodal ranking. Voltage stability is the ability of a power system to maintain steadily acceptable bus voltage at each node after load increases, system configuration changes or a disturbance. The progressive and uncontrollable drop in voltage eventually results in a wide spread voltage collapse.
This section calculates the voltage stability index (SI) for all the nodes of the radial distribution system using the load flow results. There are several methods to estimate or predict the voltage stability condition of a power system. This study utilizes the voltage stability index in order to indicate the voltage stability condition at each bus of the system [15] .
For a typical RDS, any line between the bus "i" and "j" can be represented by an equivalent single line represented as given in Figure 7 . The governing circuit equations are:
* = complex conjugate operation By solving the above two equations and with the assumption that for a typical radial distribution system (αi -αj ) is typically very small value, hence the assumption
Cos ( - ) 1 & Sin ( - ) 0
With the above assumption, it is derived that V j 2 − V i V j + P ij R ij + Q ij X ij = 0 (6) Therefore,
Eq (7) results in two possible solutions for the receiving end voltage Vj, However, the feasible solution is the minimum of the two as the voltage towards the receiving end is typically lower than its sending end voltage.
Thus, V j can be taken as,
Since the voltage magnitude is always the real quantity, hence; V i 2 − 4 P ij R ij + Q ij X ij ≥ 0 (9) From this, the stability index for the bus j (SI) is derived as SI = V i 2 − 4 P ij R ij + Q ij X ij (10) The value of SI varies from 0 to 1. For stable operation of the RDS, stability Index should be nearing one. If the SI is nearing 0, this reflects an unstable bus. Figure 8 shows the typical variation of stability index based on load variation for all the nodes. One can note that for few nodes (e.g. Node 2, 12) stability index value dips sharply at higher loads tending towards instability. Using fuzzy "If-Then" rules overall percentage reliability is calculated based on both the voltage and SI profiles. The strengths for five triangular membership functions are shown in equation no (11).
(11) Table 4 shows the output ranges for percentage reliability assumed and uses defuzzification calculations given in equation (12) to find the crisp value of percentage reliability of each node.
OUTPUT =
UN r * UN s +LS r * LS s +MS r * MS s + * +Over r * Over (s) UN r +LS r +MS r + * +Over (r) (12) The above procedure is repeated for all the buses to calculate the output percentage reliability of the nodes. is done on the basis of their percentage reliability calculated after defuzzification. The higher rank (i.e rank 1, 2, 3…) indicates unstable nodes.
The result based on above methodology is shown in table 5, which gives percentage reliability of each node for 19 bus system. The results shown are for two loads i.e. 82 percent and 111 percent of base loads. One can notice that as the load increases, the percentage reliability generally decreases.
However certain nodes become more stable as the load increases. In reference example all the nodes from 10 to 19 tends to become unstable (below 20 percent) at higher loads. The percentage reliability depends on the output range assumed. A different output range will shift the reliability windows for nodes. One can run this simulation for various load combination. 30%  30%  1%  0%  0%  14  32%  31%  31%  1%  0%  0%  15  31%  30%  30%  1%  0%  0%  16  33%  32%  33%  2%  0%  2%  17  30%  30%  30%  0%  0%  0%  18  30%  30%  29%  0%  0%  0%  19  30%  30%  30%  0%  0%  0%  Un stable Zone   Table 6 shows the nodal stability ranking. The ranking is based on the percentage reliability values. Table 6 One can notice that ranking of various nodes are different at different loads. Figure 11 , shows the typical changes to nodal rankings based on load changes. The figure gives a snap shot of nodal ranking changes based on load variations. It may be noted that the loads connected away from the substation (Node 12, 13, 14, 16 & 17) tends to get unstable on higher loads. For Certain nodes (e.g node 2) ranking actually improves. C   1  12  13  13  14  14  14  2  17  18  18  14  14  14  3  12  13  13  19  19  19  4  19  19  19  12  12  12  5  16  16  16  18  18  18  6  18  17  17  13  13  13  7  14  12  12  17  17  17  8  15  15  15  11  11  11  9  11  11  11  14  14  14  10  8  4  4  10  10  10  11  10  10  10  9  9  9  12  9  9  9  3  5  4  13  1  5  5  6  8  7  14  6  7  7  5  1  1  15  5  6  6  7  6  5  16  7  8  8  8  1  8  17  4  2  3  1  1  1  18  3  1  1  2  4  3  19  2  3  2  4  7  6 VII. CONCLUSION This paper uses the application of fuzzy logic to define percentage reliability and accordingly define nodal reliability ranking for a typical RDS. The simulation uses fuzzy based load flow algorithm to calculate nodal parameters and voltage stability index, which are further used as an input to model the fuzzy based reliability ranking algorithm. The result shows the possible Nodal reliability distribution of all the nodes at glance and gives a good idea about the network as a whole.
Using the proposed methodology, all possible scenarios are modeled and comparison is drawn for a wide variation in loads. The proposed technique is useful to ensure the reliability of distribution system by predicting the nearness of voltage collapse with respect to existing load conditions and can be used as an early warning. This can also be used during initial stages of planning and design studies. A  B  C  2  64  32  64  3  68  32  60  4  25  35  40  5  40  32  28  6  26  19  18  7  60  50  50  8  46  33  21  9  76  92  82  10  21  26  16  11  46  46  68  12  60  50  50  13  27  33  40  14  19  19  25   Node  Phase Load in KVA  A  B  C  15  27  30  43  16  48  64  48  17  40  30  30  18  33  33  34  19 54 62 44 
